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FtXCaORD 


On  23  October,  1962,  the  Chief,  Research  Branch,  Divielon  of  Health 
Mobilization,  Office  of  the  Surf  eon  General,  requested  the  Division  of 
Occupational  Health  to  conduct  a  study  on  the  effects  of  extremes  of  thi 
environment  on  shelter  occupants,  desired  by  the  Director  of  Research, 
Office  of  Civi!  Defense. 

On  S  Movember,  1962,  the  authors  mat  with  the  Director  of  Research  end 
several  of  his  assist  mW  in  Washington,  and  presented  am  outline  of  the 
study  they  were  prepared  to  undertake  under  three  headings; 

Scope  of  Study 

State  physiological  end  clinical  effects  of  environments *.  factors 
in  quantitative  terms,  and  the  relative  contributions  of  eoch,  in  a 
form  which  will  guide  planners  as  to  the  significance  of  various 
combinations. 

Will  net  try  to  estimate  what  conditions  may  occur  or  coment  on 
methods  of  ameliorating  conditions,  unless  there  it  an  overriding 
physiological  or  clinical  aspect. 

Sets  of  Variables  to  be  Considered 


...)!  •  I— .. 
wwtiu*  iAvste, 


(.otwpaii  as  uua  itumiiut  ty  ^  All  vmi  AUUU 

aspects),  air  mcvesmnt,  radiant  best,  clothing,  approximation 
of  persons. 


B.  Human  factors:  activity,  age,  acclimatisation,  functional  im¬ 
pairment,  disease,  hydration,  diet,  normal  variation. 

C.  Significant  effects:  comfort,  sensations  of  distress,  func¬ 
tional  failures,  physiologicsl  crises,  exacerbation  of  existing 
disease,  infectious  disease,  water  requirements,  clothing  re¬ 
quirements. 


Approach 

A.  Establish  rones  of  effect  for  standard  parson  on  a  psychro- 
metric  chart. 

B.  Establish  quant i t »t »ve  adjustments  to  be  made  for  departure 
f ram  standard  person. 

C.  Establish  quantitative  adjustments  to  be  made  for  variations  in 
environment  other  than  temperature  and  humidity. 

l>.  Prepare  tables  of  significant  effects  for  each  rone. 

These  proposals  we^e  discussed  in  some  detail  and  accepted  as  tho  basis 
for  contract  negot  iat  ion.  The  formal  contract  sras  signed  on  2i  Harch, 
1963. 

The  contract  was  further  amended  on  7  June,  1963,  to  provide  for  the 
supply  o'  500  copies  of  the  final  report  and  an  annotated  bibliography. 

In  June,  1963.  the  authors  presented  an  outline  of  the  report  being 
developed,  at  a  smainar  on  'Physiological  Aspects  of  an  Austere  Environ¬ 
ment”.  conducted  by  the  Research  Directorate  of  the  Office  of  Civil 
Defense. 

This  document  constitutes  the  final  report  under  the  contract.  The 
annotated  bib!  loorophv  »:  u  K»  p'— -etted  ccpsrstcly. 
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EVALUATION  OF  THERMAL  F.VVIRO^m  IN  SHTITEPS 


SUMMARY 

Various  -schemes  which  nsvr  been  advanced  for  expressing  the  significance 
of  a  given  set  of  environmental  cond‘tton»  •»  a  single  number,  or  as  n 
seal -quant  i tat iva  simple  phrase,  are  reviewed,  including  the  katather- 
mometer,  wet  bulb-globe  thermometer,  effective  temperature,  operative 
temperature.  F.P  index,  P^SE  index,  heet  stress  index,  and  psychrometric 
plots. 

An  index  ot  relative  strata  is  developed,  similar  to  that  used  by 
Belding  and  Hutch  in  their  hent  stress  index,  but  based  on  Burton’s  wet 
clothes  formula  for  the  calculation  of  actual  and  relative  cooling 
demands.  A  chart  is  developed  in  whi-h  relative  strain  lines  are  drown 
on  a  psychrosnetric  chart  for  standard  conditions  of  activity,  clothing, 
air  movement,  and  radiant  heat  tranafer  most  likely  to  be  found  in 
shelters.  A  table  is  provided  fer  adjusting  the  reading  on  the  chart 
for  certain  non-standard  condition*  of  activity  and  air  movement . 

The  significance  of  each  rone  for  a  standard  "average"  person  is  ex¬ 
pressed  in  graphic  form  tor  such  considerations  as  comfort,  discomfort, 
distress,  failure,  performance,  and  tolerance,  loirther  charts  indicate 
the  significance  of  each  rone  for  such  non-standard  states  as  cardio¬ 
pulmonary  disease,  metabolic  disturbances,  gastrointestinal  upsets, 
psychological  abnormalities,  dermatological  complaints,  infancy,  middle 
age,  old  age.  acclimatization,  limited  water  supply,  and  obesity. 

The  report  seeks  to  present  the  best  judgment  of  the  authors  on  the 
evidence  available  at  this  time.  As  knowledge  of  thermal  physiology  and 
the  effects  of  clinical  disorders  upon  heat  responses  is  extended,  im¬ 
provements  will  undoubtedly  become  possible;  but  for  the  present  it  is 
believed  that  the  estimates  presented  here  will  permit  optimum  manage¬ 
ment  of  the  shelter  situation 
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SKELTER  ENVIRONMENTS 


BACKGROUND 


Over  the  sixty  years  since  Haldane  reported  on  the  Cornish  tin  miners 
(1)  there  have  been  numerous  attempts  to  devise  a  system  whereby  the 
significance  of  a  given  set  of  environmental  conditions  could  be  ex¬ 
pressed  as  a  single  number,  or  at  leasts  sets! -quantitative  simple  phrase. 
Efforts  have  centered  around  the  thermal  aspects  of  the  environment 
because  it  mim  Lvilevcd  that  tite  well -known  physical  laws  governing  heat 
exchange  would  permit  a  relatively  simple  and  reliable  formulation  to  be 
established.  It  still  seeais  reasonable  to  concentrate  on  the  thermal 
aspects,  but  it  is  clear  that  a  formulation  cannot  be  simple  and  accurate 
at  the  same  time,  and  that  a  workable  scheme  must  necessarily  be  rome- 
thing  of  a  compromise. 

VARIABLES  INVOLVED 

Three  sets  of  variables  are  involved  in  assessments  of  significance: 

1.  Environmental  conditions: 

temperature,  humidity,  air  movement,  noise,  clothing,  contiguity, 
radiant  heat. 

2.  Human  factors- 

activity,  age.  acclimatization,  functional  efficiency  or  impair, 
ment .  disease,  hydration,  nutrition,  individual  variability 
within  any  one  of  these  sub-classes. 

3.  Significant  effects: 

comfort  -  discomfort,  sensation*  of  distress,  functional  fail¬ 
ures.  physiological  crises,  pathological  developments,  exacer¬ 
bation  of  pre-existing  disturbances,  infections,  water  needs, 
clothing  needs. 

Clearly  »*  would  be  impossible,  or  at  least  impracticable,  to  set  up  a 
scheme  giving  full  expression  to  all  of  these  variables  -  even  if  the 
necessary  quantitative  data  were  available.  Some  selection  must  be  made, 
and  some  condensation  effected  in  the  presentation  of  data  if  the  re¬ 
sults  are  to  be  comprehensible. 
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CHARACTERISTICS  CP  A  PKLMCTIVE  SOPC 

In  making  a  selection  of  variables  to  be  included,  and  in  judging  the 
adequacy  of  any  particular  method,  the  requirements  of  an  ideal  predic- 
tive  scheme  should  bt>  borne  in  mind.  These  have  been  set  out  elsewhere 

(2)  as  follows: 

A.  Permits  read-in  of  data  on  the  primary  stress  factor.  Involves: 

(1)  Establishment  of  true  stress  factor  or  constant  accompani¬ 
ment 

(2)  Recognition  of  variability  in  nature  and  effectiveness  of 
factor 

(3)  Development  of  accurate  measurement  of  factor  and  equiva¬ 
lences  of  variants 

B.  Permits  read-in  of  modifying  effect  of  other  environmental  con¬ 
ditions.  Involves: 

(1)  Recognition  of  factors  having  modifying  ,*ffects,  and  quan¬ 
titative  relationship 

(2)  Measurement  of  incidence  of  modifying  factors 

(3)  Estsbl  ishmeni  of  any  interaction  between  modifying  factors. 

C.  Permits  read-out  of  predicted  effects  on  standard  individual. 

Involves; 

C  '  Recognition  of  important  effects 

(2)  Establishment  of  quantitative  relationship  between  effect 
end  prim*  •  stress 

(3)  Measurement  of  effects 

(4)  Determination  of  biological  (or  social)  significance  of 
effects,  if  possible  as  single  integrated  value. 
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SKELTER  ENVIRONMENTS 

D.  Permits  adjustment  of  prediction  to  non -standard  individuals. 
Involves. 

(1)  Establishment  of  characteristics  which  affect  rejyvxises 

(2)  Measurement  of  characteristics 

(3)  Detemination  of  quantitative  effects  of  these  characteris¬ 
tics  upon  responses. 

E.  Indicates  limits  of  confidence.  Involves: 

(1  )  Errors  in  measurement  of  primary  and  modifying  factors 

(2)  Sampling  errors  in  time  and  place 

(3)  Uncertainties  in  quant i tat ive  relationship 

(4)  Errors  in  measurement  of  response 

(5)  Individual  variability 

(6)  Uncertainty  in  integration  of  different  responses  to  give 
inclusive  measure  of  strain. 

F.  Is  applicable  to  various  tine-distributions  of  exposure. 
Involves: 

(1)  Response  development  on  commencement  of  exposure 

(2)  Response  decay  on  cessation  of  exposure 

(3)  Sets  developing  as  result  of  exposure  or  absence  of  ex¬ 
posure 

(4)  Application  of  cyclical,  intermittent  or  graduated  ex¬ 
posure. 
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EXAMPLES  OF  PAST  PREDICTIVE  SCHEMES 


Attests  to  provide  predictive  echemta  fall  roughly  into  three  groups: 


(1)  Instrumental  methods  sought  a  dev  ice  which  would  respond  to  the 
major  environmental  variables  conjointly  and  in  a  fashion  com¬ 
parable  to  man's. 

(2)  Physiological  methods,  at  the  other  ext  rente,  sat  up  charts  or 
tables  based  on  measured  ..uman  responses,  from  which  a  given 
combination  of  envlrarseental  conditions  could  be  evaluated. 


(3)  More  attention  has  bean  given  recently  to  formulation  methods, 
which  seek  to  base  evaluation  on  the  difficulty  of  maintain* 
ing  a  thermal  balance  in  a  given  environment. 

Same  of  the  better  known  examples  follow. 


Katathemameter 


\  -  *  )  ■  i  , 

In  its  earliest  and  almplaat  form  (3)  it  wae  an  alcohol  thermometer, 
with  a  bulb  measuring  1.5  x  .75  In.  and  two  marks  angravsd 
corresponding  respectively  to  100  and  95°P.  The  time  taken  for  It  to 
cool  between  these  two  marks,  after  it  had  bean  hasted  tp  a  higher 
perature,  wae  measured.  Prom  this  time,  and  tha  amount  of  heat  lost  frm 


the  katathermometer  in  cooling  (tha  "factor”  engraved  on  tha  stam), 

lt.uw.il....  .1  .L .  _  I  _  .....  J.» ....  J  — 

•<l  r-" - •  v.  ..«•  at.  mmm  u.l.l M.ntu . 


the 


.f  at.  . t - 
ma  a 


mivu  mm  mvm  wmm  u«vu  u irjt 


tha  cooling  power  indicated  the  combinad  affect  of  air  temperature, 
radiant  heat,  and  air  movement;  when  the  bulb  was  wrapped  with  a  wet 
sock,  tha  cooling  power  included  the  effect  of  humidity  ba  well. 


Because  the  shape,  dimensions,  and  thermat  proper tits  of  the  kata 
differed  markedly  from  those  of  tha  human  body.  It  fall  into  disuse.  A 
slivered  version  in  three  ranges  ri0o*9S;  130*128,  150*145°F)  hue  fra* 
quently  been  used  to  measure  turbulent  air  movements.  (4), 


Vet  Bulb -Globe  Thermometer 


Minard  and  co'worksrs  (5)  developed  a  simple  index  of  combined  effects 
of  teopereture,  humidity,  radiant  hast,  and  air  movement,  which  is  ob¬ 
tained  by  combining  dry  bulb  temperature  (CUT),  wet  bulb,  tempera: .:re 
flBT).  and  conventional  dry  globe  thermometer  temperature  (*JBT/  in  the 
following  fashion: 

Por  Indoor  use:  13CfT  ”  .7  (VBT)  +  *3  (GBT) 

Por  outdoor  use:  WBGT  *  .7  (1BT)  ♦  .2  ((FT)  ♦  .1  (DBT) 
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A  comprehensive  table  of  evaluation*  seen*  not  to  have  been  published, 
hut  the  following  practice  hm  been  reported  for  U.  S.  Marine  Corpa 
training  centers: 


UH3T 

82 

to  84. ‘) 

Green  flag. 

Alert  for  possible  curtailment  of 
drill. 

fBCT 

85 

to  87.9 

Yellow  flag. 

Active  drill  curtailed  for  new 
(lc«»  lh«u  four  weeks)  recruits. 

’fSBGT 

88 

to  89.9 

Red  flag. 

Active  drill  stopped  for  all  re¬ 
cruits,  except  those  in  last  quarter 

of  12  weeks  training  may  continue 
routine  training. 

WHIT  90  and  over  All  training  stopped. 

*e  have  found  the  globe  thermometer  to  give  unreliable  readings  in  gusty 
wind,  or  in  the  vicinity  of  bet  surfaces  of  limited  extent,  so  that  we 
would  not  expect  the  WBGT  to  be  very  accurate  in  many  industrial  situa¬ 
tions.  The  significance  of  a  given  value  for  W71GT  needs  to  be  considered 
in  terms  of  the  activity  of  the  person  exposed,  his  clothing,  degree  of 
acclimatisation,  *»tc. 

Effective  Temperature 

The  earliest  and  most  widely  known  sch'nne  for  indicating  the  thermal 
significance  or  environment*  based  upon  physiological  reactions,  is  the 
"Effective  Temperature1'  scheme,  developed  by  a  research  team  in  the 
American  Society  of  heating  and  Ventilating  Engineers. (6)  Teat  subjects 
were  exposed  aerially  to  atmospheres  with  different  temperatures,  humid¬ 
ities.  and  air  movements,  and  asked  to  rate  their  comparative  sensations 
of  warmth  or  coolness.  From  a  largtt  number  of  records  two  nomograms  were 
drawn  up  indicating  the  combinations  which  produced  comparable  sensa¬ 
tions:  (a)  on  normally  clothed  persons,  and  (b)  on  persons  stripped  to 
the  wnist.  The  latter  is  seldom  used.  For  simplicity  of  understanding 
the  significance  of  any  combination  is  expressed  as  the  temperature  of  a 
still,  aatUirated  atmosphere  which  would  produce  the  same  effect.  For 
example,  normally  clothed  person*  exposed  to  a  dry  bulb  temperature  of 
76°f,  *  wst  bulb  teaq>er*ture  at  A2°F,  and  an  air  movement  of  100  ft/min, 
on  the  average  expressed  the  same  sensations  as  when  they  were  exposed 
to  "still"  air  (actually  an  air  velocity  of  25  ft^ain)  with  both  dry  and 
wet  bulb  temperature*  at  68°F.  The  "effective  temperature”  or  tnc  former 
atmosphere  is,  therefore,  said  to  be  68°F.  From  the  appropriate  nomo¬ 
gram,  (Fig,  i),  the  ’’effective  temperature”  of  any  combination  of  dry 
bulb  temperature,  wet  bulb  temperature,  and  air  movement  can  Ire  deter¬ 
mined. 
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Figure  1 


NOMOGRAM  FOR  DETERMINING  CORRECTED  EFFECTIVE  TEMPERATURE  FOR 
CIOTHED  PERSONS.  From  Bedford  (4). 
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»hts,  l«ke  any  other  scheme,  ha*  certain  limitations.  Most  of  these  were 
clearly  recognised  by  the  authors,  but  have  not  always  bee  observed  by 
users  or  critics. 

(1)  The  basic  observations  wore  made  on  a  specific  group  of  sub¬ 
jects  --  healthy,  young,  white  men  and  women,  living  under  ih»* 
current  American  conditions  of  cl imate,  housing,  clothing,  f.c, 
The  results  are  not  necessarily  representative  of  other  groups, 
and  should  not  t>e  applied  with  abandon  to  inhabitants  of 
England,  let  alone  to  Eskimos  or  African  pigmies. 

(2)  The  observations  relate  only  to  sedentary  conditions,  although 
some  later  modifications  were  drawn  up  to  make  the  scheme 
applicable  to  greater  act ivit ies. (7) 

(Z)  The  scheme  applies  only  to  persons  clad  as  described.  Heavy 
clothing  could  be  expected  to  reduce  the  effect  of  air  move¬ 
ment  still  further. 

(4)  The  original  scheme  applies  only  to  situations  in  which  the 
mean  black  body  temperature  of  the  surroundings  is  substantial¬ 
ly  the  same  as  the  air  temperature.  It  has  been  shown  by 
Bedford  (4),  however,  that  the  scheme  can  continue  to  be  used 
where  the  temperatures  of  the  surrounding  surfaces  differ  from 
air  temperature,  provided  that  they  are  fairly  uniform,  if  the 
globe  thermometer  temperature  is  substituted  for  the  air  tem¬ 
perature  . 

(5)  It  does  not  apply  at  air  movements  belov.  25  ft/rain. 

(6)  It  is  not  reliable  at  tin  upper  end  of  the  scale  --  E.T.  above 
90°F  --  since  sensations  of  heat  cease  to  be  very  good  guides 
under  conditions  as  hot  as  this. 

(7)  The  scheme  in  its  original  form  gives  too  much  weight  to 
changes  in  humidity  at  the  lower  end  of  the  scale.  The  lines 
have  recently  been  revised  (8),  but  the  entire  nomogram  has  not 
yet  been  redrawn.  The  nomogram  and  the  revisions  are  given  as 
separate  figures  (Fig3.  1  snd  2). 

The  effective  temperature  scheme  was  based  upon  sensations  of  warmth  and 
coolness,  but  there  was  superimposed  upon  it  later  a  scale  to  indicate 
the  proportion  of  the  test  population  that  could  be  expected  to  be  com¬ 
fortable  at  various  effective  temperatures.  Some  indication  of  the  vari¬ 
ation  in  preferences  of  different  populations  is  given  in  Fig.  3.  The 
scheme  provides  no  scale  for  evaluating  the  physiological  significance 
of  stresses  oliove  or  below  the  comfort  rone. 
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lk*rative  Temperature 

Workers  at  the  Pierce  Laboratory  of  Hygiene  (12)  aarly  entered  the  field 
of  fomilation  with  the  "operative  temperature,"  which  expressed  the 
combined  effect  of  air  temperature,  wall  temperature  and  air  movement  as 
the  temperature  of  still  air  (and  walls)  which  would  permit  the  same 
rate  of  hent  loss. 


where  K  is  ratio  of  radiation  to  convection  constants 
tQ  is  standard  operative  temperature 
tw  is  mean  black-body  temperature  of  walls 
ia  is  air  temperature 
V  is  rate  of  air  movement 
VD  is  standard  air  movement  (15  ft/min) 
ts  is  temperature  of  skin 

The  proponents  of  this  scheme  H*t  emitter*  any  cxpr« ••  * o«>  uf 

humidity  from  the  equation  on  the  grounds  tliat:  (a)  humidity  is  not  o 
factor  in  heat  loss  under  cold  conditions;  (b)  that  if  the  humidity  is 
changed  under  hot  conditions,  the  unevaporated  sweat  passively  increases 
the  extent  o!  the  wster  film  on  the  skin  and  does  not  put  an  extra  burden 
on  the  body.  In  spite  of  this  defense,  the  amission  of  humidity  was  felt 
to  be  a  weakness,  and  the  scheme  was  never  widely  adopted. 

EP  Index 


Kobinson  and  eo-work  .*rs  (13)  devised  an  index  of  environmental  signifi¬ 
cance  based  on  the  combined  response  of  rectal  temperature,  pulse  rate, 
skin  temperature,  and  sweat  rate.  The  concept  of  relative  strain,  that 
is  the  deviation  from  normal  as  compared  with  the  maximum  deviation  that 
the  body  can  tolerate  without  breaking  down,  was  used  here  for  the  first 
time,  although  not  clearly  labelled  as  such.  The  relative  strains  for 
pulse  rate, t skin  temperature,  rectal  t emperature,  and  sweat  loss  were 
established' for  a  variety  of  conditions,  and  the  results  expressed  on 
dry  bulb  v  wet  bulb  temperature  grids  (Fig.  4).  Unfortunately,  this 
scheme,  in  comon  with  most  physio  logical  methods  of  predict  ion,  does  not 
furnish  itny  basis  for  ext  repol  at  ion  to  sets  of  conditions  other  then 
those  used  in  the  original  experiments. 


Figure  2.  EFFECTIVE  TBffTXATlflRE  LINES  RETORTED  BY  DIFFERENT  INVESTIGATORS 


Thin  continuous  lines ••original  ST  lines  (11);  thick  contin¬ 
uous  lines- -Koch,  Jennings  and  Humphreys  (8);  dash  lines -- 
Yaglou's  lines  of  mean  skin  temperature  (9);  dash-dot  lines-- 
T ermines  a rd  Givoni  thermal  sensation  line*  /in\.  All  nf  the 

V  -  / 

newer  lines  show  considerably  less  slope  with  htanidity  than 
the  original  ET  lines. 


irrtCTnv  TOMft*TiML,fe£*  **) 


Figure  4.  EP  INDFX  CF  PHYSIOLOGICAL  EFFBCT  OF  INVT71CT*®NTAL  GOKDITTON3. 


From  Robinson  et  a l  (13). 

Upper  left:  clothed  men  walking  nt  5.6  km/hr  up  2.5%  grade; 
upper  right:  men  in  shorts  doing  sane  work;  middle  left: 
clothed  men  walking  at  4.5  l«/hr  on  level;  middle  right;  men 
in  shorts  doing  same  work;  lower:  men  in  shorts  sitting  at 


SHELTER  E7CVI8CNRENTS 


Pj|SR  Index 


McAroie  and  co-workers  (14)  developed  a  nomogram  whereby  the  signifi¬ 
cance  of  different  atmospheric  condition*  is  expressed  in  t»rra*  of  the 
sweat  loss,  they  induce*  With  a  later  modification  (15)  it  was  made 
applicable  to  various  combinations  of  clothing  and  levels  of  activity 
(Fi»j.  5.)  For  conditions  which  are  hot  enough  to  induce  moderate  sweat - 
int.  hut  nnt  suf firiently  severe  wtrtM  the  tttstir.j  capability,  the 
index  works  fairly  well.  Care  is  necessary,  however,  in  applying  it  to 
people  who  diff.r  markedly  in  training  or  acclimatisation  from  those 
used  by  the  authors. 

Heat  Stress  Index  (RSI) 

Belding  and  Hatch  (If)  explicitly  tackled  the  concepts  of  stress  and 
strain.  On  the  fonaer,  they  reported:  "Heat  stress  is  considered  to 
exist  whenever,  despits  vasomotor  adjustment,  metabolic  heat  production 
exceeds  the  combined  losses  by  radiation  and  convection."  Strain  they 
regarded  as  the  probable  consequence  of  exposure  to  stress,  and  by  a 
sequence  of  reasoning  that  is  not  quite  clear,  hit  upon  expressing 
strain  aa  the  ratio  between:  (a)  the  rate  at  which  evaporative  cooling 
is  needed  to  balance  the  atreas,  and  (b)  the  maximum  rate  at  which 
evaporative  cooling  can  be  maintained  in  that  particular  environment. 


Evaporative  cooling  required _ 

Maximum  evaporative  cooling  possible 


As  will  be  seen  later,  thin  ratio  would  be  better  termed  "relative 
•strain" . 


-  10  - 
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For  quantitative  expressions  the  authors  had  recourse  to  data  obtained 
on  military  subjects  by  Nelson  et  al.  (17).  with  the  following  result: 


M  »  22(tw  -  95)  ♦  2  /  V(t„  -  95) 

Strain  = - - - 

10.3  V°.4  (42  -  pa) 


where  U  is  metabolic  rate  in  DTU/hr 

tw  is  temperature  of  walls  °F 

tft  is  temperature  of  air  °K 

V  it  rate  of  air  movement  in  ft/min 

oa  it  vapor  pressure  of  air  in  an  hg 
(obtainable  from  dry  and  wet  bulb 
temperatures) 


As  the  vapor  pressure  of  the  air  decreases  or  as  the  rate  of  air  move¬ 
ment  increase!',  the  value  of  the  denominator  will  increase.  The  authors 
placed  a  constraint  upon  this  value  of  2400  BTU/hr,  on  the  grounds  that 
the  bodv  cannot  maintain  a  rut*  <rhich  rill  persit  gfeitci 
cooling  than  this. 

A  chart  was  provided  for  determining  the  HSI  value  for  •  given  set  of 
conditions  (Fig.  6),  and  a  table  (Table  t)  for  determining  the  signifi¬ 
cance  of  the  value  obtained. 


Figure  5.  NOMOGRAM  FOB  THE  PREDICTION  Of  THE  4 -HOUR  SWEAT  LOSS  OF  FIT, 
ACCLIMATIZED  YOUNG  MEN.  SITTING  IN  SHORTS  (14). 

Locate  polr.t  of  intersection  of  wet  bulb  temperature  and  air 
velocity  lines  at  right  side  of  diagram.  Join  this  to  the 
globe  or  dry  bulb  temperature  reading  on  the  left  aide  of  the 
diagram.  The  point  at  which  this  transverse  line  cuts  the  air 
velocity  line  in  the  center  of  the  diagram  indicates  the  baaic 
4-Hour  * vp at  r»?»  Tb»  n.iwwr««  »«•  be  vsed  fcr  hij^icr  rstcs 
of  work  by  adding  to  the  wet  btilb  temperature  reading  the 
amount  indicated  by  the  snail  chart  at  top  left.  (The  appro¬ 
priate  figure  for  the  metabolic  rate  can  be  obtained  by 
reference  to  the  table  on  p.  21  of  the  text). 


THE  NOMOGRAM  FOR  THE  PREDICTION  OT¬ 
A-HOUR  SWEAT  RATE  (P4SR) 


*'*  -  THt  SMALL  IHSeT  CHART  SIVtS  THt  OMReta  f. 

°c,’r  Fr  TO  •(  AOOtD  TO  THt  WfT  BULR  TOR  MCTA80LIC  RATtS 

'h'h  Between  so-iook  CAL*/M*rto. 


WEf  BULB  TEMPERATURE  °F 


Figure  6.  FLO*  CHARTS  FDR  DETERMINING  HEAT  STRESS  JNEKX  (16). 


Esanple:  Globe  temperature  110°F,  dry  bulb  temperature  90°F, 
wet  bulb  temperature  75°F,  air  speed  100  ft/min,  metabolism 
600  BTO/hr.  For  solution  follow  broken  lines.  HSI  »  90. 
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Table  1  -  Evaluation  of  Value*  in  Balding  and  Hatch  H.S.l. 


Index  of  Phys io logical  and  Hygienic  Implications  of  8-hr 

Heat  Stress  Exposures  to  Various  Heat  Stresses _ 

"20  Mild  cold  strain.  This  condition  frequently  exists  in  areas 

”10  where  men  recover  from  exposure  to  heat. 

0  No  thermal  attain. 

♦10  Mild  to  moderate  heat  strain.  Where  a  *ob  involves  higher 

20  intellectual  functions,  dexterity,  rr  alertness,  subtle  to 

30  substantial  decrement*  in  performance  may  be  expected.  In 

performance  of  heavy  physical  work,  little  decrement  ex¬ 
pected  unless  ability  of  individuals  to  perform  such  work 
under  no  thermal  stress  is  marginal. 

Severe  heat  strain,  involving  a  threat  to  health  unless  men 
are  physicclly  fit.  Break- in  period  required  for  men  not 
40  previously  accl imat ised.  Some  decrement  in  performance  of 

50  physical  work  is  to  be  expected.  Medical  selection  of  per  - 

60  sonnel  desirable  because  these  conditions  are  unsuitable 

for  those  with  cardiovascular  or  respiratory  impairment  or 
with  chrome  dermatitis,  these  working  conditions  are  aiso 
unsuitable  for  activities  requiring  sustained  mental  ef fort. 

Very  severe  heat  strain.  Only  a  small  percentage  of  the 
population  may  b'  expected  to  qualify  for  this  work.  Per¬ 
sonnel  should  be  selected  (a)  by  medical  examination,  and 
(b)  by  trial  on  the  job  (after  acclimatisation.)  Special 
70  measures  are  needed  to  assure  adequate  water  and  salt  in- 

80  take.  Amelioration  of  working  conditions  by  any  feasible 

90  means  is  highly  desirable,  and  may  be  expected  to  decrease 

the  health  hazard  while  increasing  efficiency  on  the  job. 
Slight  " indisposition"  which  in  moat  job*  would  be  insuffi¬ 
cient  to  affect  performance  may  render  workers  unfit  for 
this  exposure. 

100  The  maximum  strain  tolernted  daily  by  fit,  acclimatized 

young  m<  n. 
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This  scheme  was  a  distinct  advance  on  previous  proposals  in  expressing 
the  unmeasurable  strain  as  a  dimensionless  ratio  between  definable  quan¬ 
tities.  It  is  unsatisfactory  in  that  it  does  not  include  the  effect  of 
clothing,  and  ignores  physiological  reactions  other  than  sweating. 
Attempts  have  been  made  more  recently  to  meet  some  of  these  objections 
(18).  but  the  practical  application  awaits  further  development. 

Psvehr<v*u» ♦  «*•/*  plot! 


As  a  supplemental  device  to  the  various  indices  in  determining  the 
acceptability  of  environmental  conditions,  it  is  sometiMS  useful  to  have 
a  psychrometric  chart  on  which  are  plotted  those  combination*  of  temper¬ 
ature  and  humidity  which  have  been  found  to  have  equivalent  effecta,  as 
revealed  by  estimates  of  'comfort,"  limiting  physiological  responses, 
threatened  physiological  breakdown,  etc.  The  more  illuminating  of  these 
lines  of  equal  effect  are  given  in  Figs.  7  and  8>  The  conditions  of 
activity,  air  movement,  nnd  clothing  applicable  to  each  are  shown  in  the 
appropriate  box. 


BASIC  FORMULATION 


DEFINITION 

For  many  years  one  of  us  (D.H.X.L.  )  has  Insisted  in  teaching  and  writing 
that,  if  physiologists  use  physical  terms  in  a  physical  connotation, 
they  should  conform  to  the  usage  of  physicists.  St  rots  is  defined  in  the 
Handbook  of  Chemistry  and  Physics  (23)  as  "the  force  producing  or  tending 
to  produce  deformation  In  a  body.  Matured  by  the  force  epplied  per  unit 
area".  Strain  is  defined  as  "the  deformation  resulting  from  a  stress, 
measured  by  the  ratio  of  the  change  to  the  total  value  of  the  dimension 
in  which  the  ching^  ocnirffd’ . 

When  the  concepts  contained  in  these  definitions  are  applied  to  the  case 
of  a  living  organism  exposed  to  heat,  the  term  "stress"  should  clearly 
refer  to  heat  gain  imposed  on  *hc  living  system,  and  "strain"  to  the 
changes  in  the  living  system  resuiting  from  the  application  of  that 
stress.  It  is  unfortunate  that  in  at  least  one  field  of  physiology,  the 
essential  difference  between  these  has  been  completely  lost.  The 
authors  agree  completely  with  Belding  and  Hatch  on  this  point. 


(20);  4- -(13). 


REPORTED  TOLERANCES  FOR  LIGHTLY  AND  NORMALLY  CLOTHED  MEN 


o 


i*  JtfnivwuNii  am«  13* 
8  2  2 


WET  «Uia  TCHPCRATURC 


--(20);  #-(22). 


REPORTED  TOLERANCES  FOR  NUDE  AND  PARTIALLY  CLOTHED 

0»»  T|t*e*4TU»t  *c 


1J 
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When  one  goes  beyond  the  concepts  to  dimensions  of  the  terms,  and  modes 
of  quantitative  expression,  one  runs  into  some  difficulty  with  the  term 
‘force’.  Even  in  physical  systems  there  are  difficulties  when  one  denis 
with  other  than  mechanical  forces  and  -cork  energy.  Mechanical  force  is 
energy /distance  and  has  the  dimensions  mlt“*.  but  temperature,  which  is 
oftan  regarded  as  a  "force',  is  energy /ent ropy  and  has  its  own  dimension 
f24),  For  our  purposes,  we  will  follow  our  own  earlier  practice,  simitar 
to  that  of  Belding  and  Hatch,  and  use  energy  intensity,  that  is  energy 

*  rsns  f -«r  nmr  '**[*  SUffaCC  2fCS  pc  r  UT.it  t  Ium?  ms  lllw  "  f  orr  c'  .  As  We  Will 
eventually  he  concerned  with  the  ratio  between  two  such  expressions  of 
intensity,  it  matters  little  whether  certain  dimensions  are  included  in 
the  original  selection  or  nnt. 

RELATIVE  STRAIN 


The  evaluation  of  ft  thermal  environment  as  a  ratiohas  been  an  attractive 
concept  these  last  twent>  years,  but  ideas  differed  as  to  what  should  go 
into  the  ratio.  As  we  have  seen,  Robinson  (13)  used  the  observed  re¬ 
sponse  of  four  functions  in  comparison  with  the  maximum  response  that 
the  holy  could  make  without  breaking  down.  A  Quartermaster  group  (25) 
proposes!  the  ratio  of  the  opportunity  for  heat  loss  to  the  heat  produced 
by  metabolism  (less  heat  lost  from  the  lungs).  One  of  us  (D.H.X.L, ) 
starting  from  the  tendency  of  lines  of  equal  effect,  plotted  on  e 
psychrometr ic  chart  (Fig.  7),  to  change  slope  with  increasing  stress, 
sought  to  express  strain  rs  the  ratio  between  the  threatened  rate  of 
heat  ««in  awl  an  empirically  derived  expression  of  the  oppnrtvmlty  for 
evaporative  compensation  (26). 

Belding  and  Hatch  cut  the  Gordian  knot  by  using  the  ratio  between: 
(a)  thr  rate  at  which  evaporative  cooling  isneededto  balance  the  atresa, 
and  (b)  the  maximum  rate  at  which  evaporative  cooling  can  be  maintained 
into  that  particular  environment.  It  replaced  the  author's  empirical 
expression  of  evaporative  possibility  with  a  rational  one. 

This  resulted  in  an  index  which  at  least  expressed  the  concept  of  strain 
as  a  deformation  resulting  from  stress,  postulated  a  direct  relationship 
between  this  measure  of  strain  and  the  applied  stress,  and  was  dimension¬ 
less.  It  departed  from  the  narrow  physical  definition  of  strain  in  com¬ 
paring  the  extort  of  deformation  with  the  maximum  deformation  possible 
without  system  breakdown,  instead  of  with  the  normal  dimensions  of  the 
system. 


However,  it  is  precisely  the  ratio  of  deformation  produced  to  the  maxi¬ 
mum  permissible  deformation  that  we  wish  to  know.  The  conflict  with 
physical  practice  can  be  resolved  i f  we  wilt  change  our  nomenclature 
somewhat. ,  and  term  this  ratio  the  ’’relative  r.train".  The  present  authors 
feel  that  this  in  in  any  ense  a  better  term,  s ince  it  is  the  relativity 
that  we  wish  to  emphasise,  and  we  will  use  it  hereafter. 
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ftSJNULATtOK 

The  Balding,  and  Hatch  index  of  relative  at  rain  had  the  disadvantage  that 
it  wee  baaed  upon  the  reactions  of  nude  subjects,  and  did  not  provide 
for  the  effects  of  clothing.  The  proponents  took  the  view  that  not 
enough  was  known  about  the  effects  of  clothing  for  this  consideration  to 
be  included  in  the  quantitative  expressions.  Some  concession  was  made 
to  the  marked  effect  of  clothing  under  conditions  of  high  radiant  heat 
in  a  later  paper  (IS),  but  the  allowance  was  empirical.  It  is  not  clear 
why  they  elected  to  ignore  P-irton’s  equations  (27).  which  do  provide 
terms  of  clothing  effects.  It  is  true  that  the  expressions  used  by  Burton 
can  be  regarded  as  no  more  than  first  order  approximations,  and  that  the 
appropriate  values  for  the  «• stents  should  be  explored  over  a  wider 
range  of  conditions  than  those  used  in  the  Pierce  Laboratory  experiments 
(12)  on  which  they  were  based.  But  they  do  provide  a  basis  for  dealing 
rationally  with  clothing  effects,  and  if  incorporated  into  the  ex¬ 
pressions  constituting  the  ratio  should  permit  more  satisfactory  appli¬ 
cation  to  a  wider  range  of  circumstmcee. 

First  Formulation 

Oi  these  assumption*  the  present  authors  mode  their  first  modification 
to  the  HSI  by  substituting  the  following  expression  for  that  advocated 
by  Balding  and  Hatch: 


*  35)  *  HI, 

**  f  "T^T“T* 

Relative  Strain  =  — - - — - — - 

5(44  -  pB)  I„ 

rn  + 

where  M  is  metabolic  rate  in  kcnl/sq  m,  hr 
t#  is  air  temperature  in  °C 

R  is  mean  radiant  heat  incidence  in  keal/aq  m,  hr 
IH  i*  insulation  of  air  in  clo  units 
Ic  is  insulation  of  clothing  in  clo  units 
Pa  is  vapor  pressure  of  air  in  ram  hg 

rm  is  resistance  of  air  to  outward  passage  of  water  vapor 
expressed  as  equivalent  cm  still  air 


IS 
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This  expression  reduces  to 

M(X.  *  Ic>  +  5.S5(t,  -  35)  +  fil* 

Relative  strain  - - 

5(<4  -  Pa)  Ia/r0 

And  according  to  Burton,  Ia/ra  “1.5 


E^planatt on  of  Terms 

M,  the  metabolic  rate,  it  the  same  as  in  the  Belding  and  Hatch  formula. 

The  bracket  (ta  -  35)  corresponds  in  the  ccntrigade  scale  to  the  (ta  •*  95) 
in  the  Belding  and  Hatch  formula,  but  the  square  root  of  the  air  movement 
in  the  former  it  here  replaced  by  a  more  complicated  expression,  the  in¬ 
verse  of  two  quantities  Ia  and  Ic.  Ia  expresses  the  effect  of  changing 
air  movement  as  did  the  souare  root  of  ambient  air  velocity,  but  Ic 
introduces  the  further  effect  of  clothing  in  modifying  the  rate  of  air 
movement  over  the  skin.  The  relationship  between  lt  and  V  is  given  in 
the  following  table: 


Standard  Values  for  I#  (28) 


Insulation 


clo  unit* 

0.  1 

0.15 

3.20 

0.30 

0.40  0.50 

0.60 

0.70 

0.80 

0.85 

Velocity  of 
air  movement 
miles/hr 

51.0 

22.7 

119 

4.85 

239 

1.27 

085 

0.57 

0.49 

0.34 

f  t/min 

4.500 

2.000 

1.050 

425 

210 

120 

75 

50 

35 

30 

era,  see 

2.280 

1,015 

534 

216 

107 

61 

28 

25 

18 

15 

Tin*  value  of  Ic  for  dry  conventional  clothing  is  given  approximately  by 
the  mean  thickness  of  the  clothing  ensemble  from  the  skin  surface  to  the 
outer  margin  of  nap,  including  any  intervening  air  space  up  to  .6  cm. 
(For  detailed  explanation  of  the  reasoning  behind  these  expressions,  see 
29.  30.) 

The  coupling  of  I„  with  the  datum  for  incident  thermal  radiation  pro¬ 
vides  for  the  fae*  that  part  of  the  heat  derived  f ror.  absorption  of 
radiation  is  swept  away  by  movement  in  the  ambient  air. 

The  bracket  (44  -  pn)  corresponds  to  the  (42  ”  pfl)  in  the  Belding  nnd 
Hatch  formula,  but  the  fractional  power  of  the  air  movement  is  again 
replaced  by  on  inverse  expression  of  resistivity. 
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modifying  fraction  I„  /  (Ia  ♦  Ic)  »n  the  denominator  is  designed  to 
coagiensate  for  the  probable  evaporation  of  sweat  at  the  turf ace  of  the 
clothing  instead  of  at  the  skin  surface.  As  pointed  out  by  Balding  in 
an  earlier  publication  (31).  part  of  the  heat  removed  by  evaporation  is, 
under  these  circumstances,  token  from  the  ambient  air  rather  than  the 
skln«clothing  system. 

Further  Modi fi cot  ion 

To  test  the  relative  applicability  of  the  two  formulas  --  that  of 
Balding  and  Hatch  and  the  one  iuat  derived  from  Burton ’ a  equations 
on*  can  substitute  reasonable  values  for  all  of  the  variables  axcept 
temperature  (tL)  and  vapor  pressure  (pa).  plot  lines  for  various  values 
of  relative  strain  on  a  t nape r at ur e/vapor  pressure  grid,  and  see  to  what 
extent  the  predictions  correspond  to  experience. 

Since  we  are  ultimately  concerned  especially  with  conditions  likely  to 
prevail  in  shelters,  we  can  postulate  the  following  standard  values: 

M  r  100  keal/sq  m.hr  (walking  at  2  mi/hr) 

lc  -  1  clo  (standard  business  suit) 

la  ~  0.4  (ambient  air  movement  100  ft /min,  air  movement 
caused  by  body  movement  110  ft/nin) 

R  -  O  (wall  temperature  =  air  temperature) 

The  above  formula  based  on  Burton's  dry  clothing  equations  then  reduces 
to: 


18.7  ♦  . 74(t#  -  35) 

*Smc 2  -  («.  i"  °c> 

The  corresponding  expression  from  Belding  and  Hatch's  formula  would  be: 

8.2  ♦  . 58( tB  -  95) 

RSBH  =  nV'T'p,,  (*a  in  °F) 

The  corresponding  sets  of  relative  strain  lines  ave  illustrated  in 
Fig«.  9  and  10. 
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Neither  of  these  sets  corresponds  very  well  with  one’s  experience.  The 
Burton  dry  clothes  formulation  lies  much  too  low  and  gives  a  value  of 
rero  strain  which  is  clearly  in  the  cool  region.  ‘Jhe  Heidi ng  and.  Hatch 
formulation,  on  the  other  hand,  places  the  *ero  strain  position  under 
conditions  that  are  too  warm.  It  also  seems  to  under-emphasixe  the 
effects  of  high  humidity  at  high  temperatures,  as  might  be  expected  of  a 
formula  based  on  the  reaction  of  nude  men. 

Further  consideration  showed  that  the  values  assigned  to  the  insulation 
of  clothing  in  the  dry  clothes  formula  were  too  great  in  two  respects: 
(a)  movement  reduce*  the  effectiveness  of  the  insulation  by  promoting 
exchange  of  air  between  deeper  Spaces  and  the  ambient  air;  and  (b)  the 
maximum  opportunity  for  evaporation  is  not  attained  when  the  skin  is 
completely  wet  unless  the  clothing  above  it  is  also  wet. 

The  mathematical  considerations  for  these  two  factors,  are  far  from  fully 
worked  out,  and  they  would  greatly  complicate  the  expression  used  for 
relative  strain.  At  this  Juncture  one  must  rest  content  to  make  an 
est'mate  of  the  extent  to  which  the  value  for  dry  clothing  insulation  at 
rest  needs  to  be  reduced  when  the  clothing  is  wet  ami  movement  in  taking 
place.  We  found  that,  when  a  value  bf  0.4  for  Icw  was  substituted  in 
the  formula  instead  of  the  value  of  1.0  for  Ic>  much  greater  compati¬ 
bility  with  experience  waa  obtained. 

t  .  ■  • 

Doubtless  in  the  future  irueh  mofe-pf  eel  lie' estimations' Will  be  possible, 
but  for  the  present  we  believe  that’  the  estimate  used  here  is  per¬ 
missible.  ‘  • 

The  proposed  formula  for  the  previously  postulated  "standard"  conditions 
then  reduces  to: 


80  ♦  S.55(ta  -  35) 

7 . 55(44~-  p0> 

» 

1.07  *  . 74( t„  -  35) 
**  "  Pa 


If  the  air  temperature  (ta)  is  to  be  expressed  in  °F,  the  coefficient  in 
front  of  the  bracket  becomes  .41.  The  applicabil ity  of  this  formulation 
will  be  .rxswuned  aft«*r  a  shore  recapitulation. 
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DEFINITIVE  FO^ULft 

PCS  3TA?BftHP  OCNPITIQNS 
To  recapitulate,  we  have: 

a*  general  fornula: 

5.5$(t.  -  35)  +  RIfl 

"  *  - ».-  T-I — 

^  '  i(«  -  >a)  I. 

ra  +  lew 

which  reduces  to: 

M(IC,  *  la)  f  5-55(t.  -  35)  ♦  »I. 

FS  * - 

7.5(44  -  p.) 


and,  when  we  substitute  reasonable  values  for  a  person  with  activ¬ 
ity  equivalent  to  walking  at  2  mi/hr,  in  a  light  oust ness  suit, 
with  ambient  air  movement  at  100  ft/min,  and  wall  temperature 

MMial  »«  *U  *aaw»«M»tjfai  raAiraa  *«• 


1.07  ♦  . 74(t„  -  35) 

RS_  s - • —  with  t„  In  °C 

*  *4  -  r>„  * 


1.07  t  . 41( tft  -  S3) 

or  — -  with  t„  in  °F 

44  -  pa 


For  each  value  of  relative  strain  from  0  (no  strain),  through  1  (maximum 
theoretically  tolerable  strain),  to  hi($ter  values  (body  must  heat  up),  a 
straight  line  can  be  drawn  on  a  psych rometric  chart. 
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There  remains  the  question  of  limit  ing  values.  If  we  accept  Belding  and 
Hatch’s  estimation  that  for  continued  tolerance  the  maximum  allowable 
sweat  rate  is  1  liter/hour,  and  if  we  further  assume  that,  after  equi¬ 
librium  is  established,  the  rate  of  evaporation  will  be  maintained  at 
the  same  rate,  then  the  denominator  in  the  general  equation  cannot  ex¬ 
ceed  the  rate  of  cooling  produced  by  the  evaporation  of  this  sweat. 
Under  our  postulated  standard  conditions,  this  would  mean: 


"  Pa)  *a_  1000  x  .  54 

rn  *  ^ow  1,75 

where  the  latent  heat  of  evaporation  is  taken  ns  ,54  kcol/gm,  and 
the  surface  area  of  the  liody  as  1.75  sq  m. 

Tis  reduces  try 

pa  -fe  it  mm  hg. 


or,  to  put  it  more  clearly,  at  vapor  pressures  below  11  mm  hg,  the 
maximum  attainable  rate  of  evaporation  cannot  further  increase,  and 
relative  strain  lines  would  become  vertical. 

This  constraint  upon  maximtii)  rate  of  evaporation  appears  reasonable,  and 
one  would  certainly  exoect  the  unit  strain  line  rn  «hn»  *n  inflexion  «r 
the  critical  vapor  pressure  line.  The  definition  adopted  for  relative 
strain  would  certainly  make  it  logical  thnt  relative  strain  lines  of 
both  lower  and  higher  values  should  become  vertical  at  the  same  vapor 
pressure,  but  one  cannot  escape  the  feeling  that  it  is  unrealistic  to 
require  a  change  in  the  slope  of  a  lower  valued  line  at  a  point  where 
the  full  potentiality  of  skin  wetness  is  not  yet  reached,  or,  for  that 
matter,  to  delay  the  change  of  slop-  in  a  higher  valued  line  beyond  the 
vapor  pressure  at  which  the  skin  actually  becomes  completely  wet.  At  the 
time  of  making  this  report  the  problem  is  unrenolved.  For  the  time  being 
the  au'.hors  have  decided  arbitrarily  to  continue  the  relative  strain 
lines  without  change  of  slope  down  to  the  10  per  cent  relative  humidity 
curve  or  the  10  mm  hg  line,  whichever  is  lower  and  leave  lower  humidi¬ 
ties  in  a  zone  of  uncertainty.  Since  very  high  relative  humidities  are 
apt  to  introduce  special  factors  of  undetermined  effect,  they  have  also 
terminated  the  relat  ive  strain  l  irtes  at  the  9<5  pjr  cent  relative  humidity 
cu  r  vt: , 


Fig.  1*  presents  relative  strain  lines  for  values  1  to  1.5  drawn  on  n 
psychrcmct  r  ic  chart  for  the  postulated  -standard  conditions. 
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Th*  position  of  the  earo  lino  with  this  formulation  it  considered  to  be 
in  on  acceptable  position,  and  the  position  of  the  unit  strain  line 
corresponds  well  to  the  authors *  experience  in  such  varied  conditions  as 
saturated  atmospheres  in  solitary  tanks,  hot  wet  Jungle  conditions, 
suMeer  operations  in  Death  Valley,  //nd  conditions  in  machinery  enclosures 
exposed  to  full  desert  sun.  Uhder  the  various  sets  of  conditions  repre¬ 
sented  by  this  line,  the  maintenance  of  any  kind  of  t hensal  balance  ia 
precarious,  and  tolerance  beycod  a  few  hours  virtually  Impossible.  This 
line  cut very  closely  to  that  established  by  Robinson  as  marking 
the  limit  beyond  which  hea/c  equilibria  could  not  be  rdiibiy  maintained 
for  awre  than  two  houre.  Other  costperison*  between  the  lines  of  our 
proposed  chart  and  voluoa  established  by  othere  will  be  given  in  the 
succeeding  section  of  this  report. 

ApjwMBtre  rea  woN-arvoARP  ocwmcrc 

Ihile  the  chart  drawn  for  the  postulated  standard  conditions  will  suffice 
for  a  large  proportion  of  situations  encountered,  there  will  be  instances 
where  conditions  will  deport  significantly  from  those  postulated.  It  it 
not  necessary,  however,  to  drew  a  family  of  charts  to  swat  all  of  these 
casea.  Reference  to  the  reduced  version  of  the  general  fonsula  (p,  18) 
will  show  that  a  change  from  the  postulated  value  for  the  metabolic  rate 
(If),  aabient  air  mormon t  (represented  by  Ia),  or  insulation  of  clothing 
(I_)  can  be  imitated  by  a  change  in  ta  (temperature  of  the  air).  In 
other  werda  if  one  wishes  to  use  the  standard  chart  for  other  than  the 
postulated  values,  one  simply  hat  to  know  what  change  in  the  air  temper¬ 
ature  would  give  the  same  effect,  and  add  nr  this  value  from 
the  actual  air  temperature.  The  same  thing  could  be  done  where  the  mean 
radiant  temperature  of  the  surroundings  is  different  from  air  temper¬ 
ature. 

The  following  table  gives  estimated  changes  in  the  metabolic  rata  (M), 
insulation  of  wet  clothing  (Xcv)  and  insulation  of  the  air  (Xa)  due  to 
body  movement  occasioned  by  activities  oth?r  than  the  standard  "walking 
et  2  rai/hr". 
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Activity 

M 

Ice 

<  »  *  ' 

Work  Air  Movevent 

Sleeping 

40 

a 

0 

Lying  awake 

SO 

.5 

: 

20 

Sitting  still 

S3 

1 

.5 

20 

Desk  work 

60 

•0 

30 

1  •  • 

Stand  still 

05 

.5 

30 

Occasional  stroll 

100 

.4  . 

100 

** 

Walk  2  nph 

100 

.4 

200 

Walk  3  nph 

140 

.35 

300 

Valk  4  nph 

100 

.3 

400 

i  > 

Moving  loads 

100-330 

.3 

250 

•  to  be  added  to  aabieot  sir  nov  event  in  detenainint  Xa  (ft/ein) 


■  If  the  air  vovsvent  is  different  froer.  100  ft/Wln,  then  a  change  sust  be 
«ade  in  Ia  irrespective  of  the  above.  Table  2  present  a  the  aaounta  to  be 
adde<j  to  or  subtracted  from  actual  air  tevperature  to  ttsapensate  for 
activity  and  air  vov event  different  frov  those  uced  in  covpiling  the 
standard  chart. 
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Table  2 

Correction  to  for  Non-Standard  Activity  and  Air  Movammt  °F 


Activity 

Aabiant  Air 

tibvoaonl 

(ft/iain) 

M 

Typo  kcoi/ 

sq  a, hr 

23 

50 

73 

too 

200 

300 

400 

500 

S  looping 

40 

-s 

-6 

*8 

-0 

-10 

-11 

-12 

-13 

tying  make 

SO 

-3 

-5 

-6 

-8 

-10 

-11 

-12 

-13 

Dock  work 

60 

-6 

-7 

-8 

-0 

-10 

-11 

-12 

-12 

Standing 

■till 

65 

ue  J 

-3 

“4 

-5 

-6 

-7 

-8 

-9 

Walking 

2  aph 

100 

X 

X 

-1 

-2 

-3 

-4 

-5 

-5 

Walking 

3  aph 

140 

♦6 

♦5 

♦4 

♦4 

♦3 

♦3 

+1 

-1 

Walking 

4  aph 

100 

♦11 

♦  11 

♦  10 

♦10 

♦8 

♦7 

♦S 

Lifting 

vOO* 

3  SO 

-3 

♦50 

te>  -3 
to 
♦50 

*5 

to 

♦48 

-3 

to 

♦48 

-6 

to 

♦42 

-8 

to 

♦37 

-8 

to 

♦37 

-8 

to 

+37 
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S  I  GN  IF JCANOE  OF  THE  ZONES  FOB  A  STANDARD  PERSON 
THE  STANDARD  PERSON 


In  the  previous  section  a  formula  was  derived  and  a  chart  prepared  show¬ 
ing  lines  of  equal  relative  strain  for  various  combinations  of  air  tem¬ 
perature  and  humidity,  other  physical  variables,  such  as  rate  of  work 
air  movement,  and  radiant  heat  being  held  constant  at  certain 
stated  values  believed  to  be  fairly  characteristic  of  shel  ter  condi t ionn . 
A  table  was  provided  for  adjusting  the  chart  for  certain  departures  from 
these  physical  conditions. 

It  is  now  necessary  to  indicate  the  significance  of  each  of  the  values  of 
relative  strain  shown  on  the  chart,  or,  more  realistically,  the  signifi¬ 
cance  of  the  psychrometric  tones  lying  between  the  lines.  But  again  we 
must  take  a  standard  situation  first,  leaving  the  modifications  brought 
about  by  departures  from  the  standard  situation  for  later  treatment. 
This  time  it  is  the  individual  exposed  tc  the  conditions  that  needs  to 
be  standardized. 

The  characteristics  chosen  for  the  standard  individual  arc  those  of  a 
healthy  male  about  25  years  of  age.  not  acclimatised  to  heat.  Most  of 
the  subjects  reported  in  the  literature  of  heat  physiology  are  of  this 
type  and  this  type  seems  to  present  a  logical  point  of  departure  for 
the  consideration  of  responses  to  shelter  conditions. 

CRITERIA  OF  SIGNIFICANCE 


Hi*'  application  of  the  charts  of  equal  strain  zones  to  practical  situ¬ 
ations  01  shelter,  industrial  or  other  environments  requires  a  knowledge 
of  the  significance  of  each  of  the  zones  in  terms  of  physiological  and 
psychological  responses  and  strain.  The  type*  and  magnitude  of  the 
responi.es  may  be  multiple  and  will,  of  course,  vary  with  the  individual 
and  the  combination  of  environmental  factors  to  which  he  is  exposed.  To 
keep  the  number  of  combinations  of  interacting  variables  tomanageable 
proportions,  broad  groupings  of  significant  responses  and  modifying 
individual  characteristics  had  to  be  made. 

The  selection  of  general  liable  categories  of  physiological  and  psycho¬ 
logical  responses  that  would  be  meaningful  for  shelter  management  pre¬ 
sented  conceptual  scientific  and  semantic  problems  that  required  rather 
arbitrary  decisions.  To  make  the  system  manageable  the  number  of  cate¬ 
gories  had  to  be  kept  to  a  minimum  commensurate  with  clearly  distinguish¬ 
able  characteristics  with  a  minimum  of  ’'gray  areas’  of  overlap.  Four 
categories  pertaining  to  health  and  well-being  and  two  categori  cs  related 
to  capabilities  were  chosm.  The  significance  of  each  of  the  15  /ones 
of  equal  environmental  stress  was  determined  on  the  bases  of  published 
•lata  for  each  of  the  categories.  The  synthesized  and  interpreted  infoi 
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mat  ion  is  presented  in  chart  form  for  ready  reference.  The  literature 
that  was  consulted  in  formulat ing  the  concept*  and  conclusion*  it  Included 
as  the  second  part  of  the  bibliography.  In  utilizing  the  published  data 
much  of  it  had  to  be  converted  to  the  standard  conditions  that  were  used 
in  calculations  and  construction  of  the  chart  on  zones  of  equal  environ* 
mental  stress.  Data  from  several  typical  studies  were  corrected  to  the 
Standard  Conditions  of  this  report  and  plotted  on  the  zones  of  environ¬ 
mental  stress  chart  to  illustrate  the  application  of  the  data  obtained 
from  the  literature  (Fig.  12). 

A  precise  and  absolute  definition  of  each  of  the  categories  again  pre¬ 
sents  problems  in  semantics  in  part  because  the  categories  are  concepts 
and  are  not  entirely  circumscribed  entities  that  can  be  described  or  de¬ 
fined  in  the  ucual  sense.  The  definitions  of  the  categories  are,  there¬ 
fore,  for  guidance  and  should  not  be  construed  as  rigid,  non-deviating 
axioms.  The  following  definitions  of  categories  were  used  in  construct* 
ing  the  standard  effects  charts. 

Comfort 

Condition  of  thermal  neutrality;  the  environment  feels  neither  too  warm 
or  too  cool;  a  state  of  contented  enjoyment  in  physical  and  mental  well¬ 
being  with  freedom  from  anxiety;  a  state  of  satisfaction  with  conditions 
present. 


Discomfort 

Thermal  sensation  0f  heat  or  cold;  physical  and  mental  uneasiness; 
uncomfortable;  lack  of  comfort  and  well-being. 

Distress 


Physic '1  and  cental  strain  or  oppression;  faintness,  nausea,  headache, 
apprehension,  dizziness,  irritability,  lack  of  attention,  weakness, 
unsteady  gait,  excessive  thirst  or  hunger;  pain  or  suffering;  anguish  of 


rn  *  nd  • 


Fr.i  lure 


Physiological  imd  psychological  equilibrium  not  possible  within  accept¬ 
able  limits  of  reserve  capacity;  rise  in  pulse  rate  and  body  temperature, 
disturbances  in  circulatory  and  temperature  regulation;  may  progress  to 
collapse  and  coma;  meaning  similar  to  military  concept  of  casualty. 

Performance 


The  quantity  and  quality  of  physical  or  mental  work  arrowpl i shed ; 
capability  to  accomplish  useful  work. 
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Tolerance 


Time  of  exposure  before  physiological  or  psychological  responses  reach 
unacceptable  levels. 

INTERPRETATION 


On  the  basis  of  the  foregoing  definitions,  assumptions  and  interpreta¬ 
tions  of  pertinent  data  in  the  literature  corrected  to  our  standard 
conditions,  a  chart  expressing  the  physiological  and  psychological 
significance  of  the  tones  was  constructed  for  the  Standard  Person.  These 
relationships  for  each  of  the  categories  of  responses  at  each  of  the 
zones  of  equal  environmental  stress  are  expressed  in  the  charts  (Figs. 
13  24)  The  concept  of  use  of  the  charts  is  straightforward  and  is  based 
on  a  few  rather  general  rules.  The  basic  rules  for  the  utilisation  of 
the  charts  are: 

1.  A  completely  filled  square  at  any  response  category  --  stress  zone 
intersect  means  that  most  individuals  will  respond  to  the  environment  of 
the  zone  with  the  responses  characteristic  of  the  category. 

2  A  blank  square  at  any  response  category  --  stress  zone  intersect 
occurring  to  the  right  of  the  sheded  area  means  that  the  stress  zone  is 
beyond  the  range  of  normal,  expected  responses.  If  it  occurs  to  the  left 
of  the  shaded  area,  it  means  that  the  zone  falls  below  the  conditions  at 
which  abnormal  reactions  can  be  expected. 

3  A  three-fourths,  one-half  or  one-fourth  filledsquare  at  any  response 
category  --  stress  zone  intersect  means  that  that  proportion  of  individ¬ 
uals  will  exhibit  the  characteristic  responses. 

4  A  blunt  point  on  the  filled  category  line  means  that  there  is  narrow 
r.mgc  of  inter  -  individual  variability  in  response  to  the  stress. 

5  A  long  point  on  the  filled  category  line  means  there  is  a  wide  range 
of  inter  -  individual  variability  in  response  to  the  stress. 

6  Whcr*-  there  are  no  criteria  for  estimating  the  response  in  any  cate¬ 
gory.  the  entire  line  is  blank. 

The  interpretation  of  the  significant  effects  charts  will  be  illustrated 
by  n  detailed  discussion  of  chart  for  the  Standard  Person  (Fig.  13). 
The  procedure  for  utilization  of  the  chart  is  similar  for  all  of  the 
chart i 
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Comfort  Category 

ihe  block  of  intersect  zone  .1  is  filled  in  completely  except  for  a  small 
area  in  the  top  and  bottom  corners  at  the  junction  of  zones  .1  and  .2. 
This  means  that  all  individuals  will  be  comfortable  for  most  of  zone  .1. 
A  few  individuals,  less  than  25  per  cent,  will  feel  that  the  set  of  en¬ 
vironmental  conditions  represented  in  the  right  hand  portion  of  zone  .1 
will  be  too  warm.  As  the  environmental  conditions  become  progressively 
more  severe  through  zone  .2,  a  progressively  larger  per  cent  of  indi¬ 
viduals  will  say  the  conditions  are  too  warm  u..til  at  the  junction 
between  zone  .2  and  .3  and  beyond  everyone  will  feel  that  the  conditions 
are  too  wctm.  The  blank  area  in  the  comfort  category  line  indicates 
those  environmental  conditions  where  people  will  not  be  comfortable.  In 
general  most  individuals  rill  be  comfortable  in  zone  .1,  on  the  average 
only  ,50  per  cent  of  individuals  will  be  comfortable  in  zone  .2  and  no 
one  will  be  comfortable  beyond  zone  .2. 

Discomfort  Category 

In  the  combinations  of  environmental  conditions  represented  in  zone  .1 
very  f«w  individuals  will  experience  discomfort.  The  percentage  of 
individuals  who  will  find  the  environment  uncomfortable  will  progres¬ 
sively  increase  through  zone  .2  and  from  zone  .3  through  zone  1.5  every¬ 
one  will  express  discomfort  or  will  have  more  serious  symptoms  and 
complaints.  Zone  .2  then  is  the  boundary  between  comfortable  conditions 
and  conditions  that  are  too  hot  for  comfort. 

Distress  Category 

Complaints  end  symptoms  should  not  reach  serious  proportions  in  combi¬ 
nations  of  environment  conditions  less  stressful  than  those  represented 
in  zone  .3;  zones  .1  and  .2  would  not  be  expected  to  elicit  distress 
complaints.  In  zone  .3  the  percentage  of  individuals  with  complaints  and 
the  severity  of  the  symptoms  will  prog rtssively  increase.  When  the  con¬ 
ditions  represented  by  the  mid-point  of  sane  .4  sr*  reached,  all  individ¬ 
uals  will  experience  torn*  degree  of  distress.  From  zona  .5  onward  the 
severity  and  number  of  symptoms  will  progressively  increase  and  will 
shortly  be  overshadowed  by  the  more  serious  failure  of  physiological  and 
psychological  systems. 

Failure  Category 

The  inter- individual  variability  in  ability  to  meet  the  challenges  of  a 
stressful  thermal  environment  is  large.  As  indicated  in  this  category 
some  individuals  will  show  signs  of  failure  ct  the  beginning  of  rone  .4. 
about  50  per  cent  will  exhibit  signs  of  failure  under  conditions  repre¬ 
sented  by  the  zone  .4  to  .5  boundary,  and  all  will  have  some  degree  of 


Figure-  13.  SIGNIFICAVT  EFFECTS  FOR  STAMPED  MAN. 
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TOLERANCE  -  A  redaction  in  tolerance  time  will  not  be  a  major  factor  in  shelter  management 
7or~tKe~Standard  Person.  Discomfort  and  distress  will  reach  proportions  that  will  require 
action  before  irreversible  alterations  in  the  physiological  and  psychological  functions 
will  occur. 
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Eleven  non-standard  situations  were  selected  which  cover  most  of  the 
factors  known  to  alter  responses  to  heat.  A  separate  "significance  of 
soncs  chart"  with  interpretation  was  prepared  for  each  of  the  eleven 
non-standard  situations.  Each  of  these  charts  will  also  be  briefly 
analysed  to  illustrate  its  use  and  to  point  out  the  major  differences 
between  it  and  the  Standard  Person  chart. 

AGE  45-65  YEARS  (Fig.  14) 

The  major  change,  as  a  function  of  increasing  ago,  will  be  a  decrease  in 
the  range  of  adaptability.  This  is  indicated  by  a  blunting  of  the  points 
in  the  comfort  and  discomfort  categories  of  responses.  How  much  of  the 
decreased  adaptability  is  due  to  changes  in  capacity  to  adapt  and  how 
much  is  due  to  increasing  self-indulgence  and  reluctance  to  put-up  with 
unpleasant  situations  is  not  apparent  from  the  available  data.  In  the 
end,  however,  the  practical  importance  to  shelter  management  may  not  be 
greatly  different. 

The  onset  of  distress  and  of  failure  will  occur  on  the  average  at  com¬ 
binations  of  environmental  stress  about  one  stress  zone  less  severe  than 
for  the  Standard  person.  Many  middle  aged  adults  will  ba  remarkedly 
resistant  to  the  environmental  stresses  but  a  much  greater  proportion 
than  in  the  standard  group  will  show  signs  and  symptoms  of  deterioration, 
reduced  performance  and  decreased  tolerance  to  heat  stress. 

A(Z  65  AND  OVER  (Fig.  IS) 

Older  adults  will  have  lost  a  major  part  of  their  ability  to  adapt  to 
stressful  environments.  This  is  indicated  by  the  extreme  blunting  of 
the  points  in  the  comfort  and  discomfort  categories,  a  shifting  to  the 
left,  blunting  of  the  distress  and  failure  categories  and  •  large  reduc¬ 
tion  in  the  ability  to  perform  work  and  to  tolerate  severe  conditions. 
Distress  and  failures  will  occur  about  one  and  one-half  environmental 
stress  zones  sooner  than  they  occur  in  the  Standard  Person.  The  same 
relative  relationships  are  to  be  expected  for  performance  and  tolerance. 

INFANTS  (Fig.  16) 

In  many  aspects  the  responses  and  adaptability  of  infants  will  resemble 
those  intermediate  between  the  middle  aged  adults  and  the  elderly.  The 
comfort  and  discomfort  overlap  will  be  rather  sharply  limited  to  zone  .2 
but  the  cooler  conditions  at  the  beginning  of  zone  .  1  maybe  too  cool  for 
the  newborn.  Prickly  heat  and  increased  irritability  may  be  prominent  in 
category  .2  particularly  if  the  skin  cannoe  be  kept  dry.  Some  breakdown 
of  body  temperature  regulation  can  be  expected  in  zone  .3  in  the  younger 
infants  and  in  those  in  whom  the  temperature  regulating  mechanism  hos 
not  been  fully  developed.  Because  of  the  slow  maturing  of  temperature 
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failure  under  the  condition*  of  the  rone  .5  to  .6  boundary.  Failures 
will  be  progressively  more  *evere  as  envi rormental  condi tions  become  more 
stressful  in  rone  .6  and  above.  At  zone  1.0  and  above  the  onset  of 
failures  will  be  rapid  and  severe. 

Performance  Cat ego ry 

Deterioration  in  physical  and  mental  work  capacity  is  not  likely  to  occur 
unde i  environmental  conditions  in  zones  .1  and  .2.  With  the  occurrence 
of  distress,  performance  will  fall  off  with  some  individuals.  However, 
a  wide  inter  *  individual  range  of  "ssistance  to  deterioration  of  perform 
ance  can  be  expected.  This  is  indicated  by  the  long* tapering  shaded 
area  extending  into  zone  1.0.  Level  of  skill,  motivation,  state  of 
physical  training,  experience  in  hot  situations  and  many  other  factors 
will  alter  the  rate  and  extent  of  deterioration  that  is  lilkoly  to  occur 
in  any  of  the  environmental!  stress  tones  above  0.3.  A  general  rule  is, 
however,  that  the  greater  the  environmental  stress  the  metre  extensive 
and  rapid  <*i  1 1  be  the  deterioration  of  performance. 

Tolerance  Category 

Besides  the  severity  of  the  environmental  stress,  the  length  of  time  the 
individual  is  exposed  is  important  in  determining  tolerance.  Physiolog¬ 
ically  and  psychologically  most  people  can  tolerate  environmental  condi¬ 
tions  up  to  those  represented  in  zone  .4.  Beyond  zone  .4  the  conditions 
can  still  be  tolerated  provided  the  length  of  exposure  is  decreased.  The 
Standard  Person  can  tolerate  conditions  more  severe  than  those  repre¬ 
sented  in  zone  1.5  for  periods  of  15  to  30  minutes.  The  long  tapered 
shaded  area  from  zone  .5  through  1.5  indicates  that  tolerance  time 
h*<'o«e(i  progressively  shorter  as  the  envirotimental  conditions  become 
progretisively  more  severe. 


CHANTED  SIGKIFICANCZ  OF  THE  ZONES  FOR  NON -STAf CARD  PERSON 

Many  of  the  people  who  may  make  up  a  shelter  population  will  have  char¬ 
acteristics  out te  different  from  the  Standard  Fersoc.  There  will  be 
infants,  children,  middle  age  adults,  aged,  people  oY  all  ages  with  a 
variety  of  disease!!,  disorders  and  1  imitations --condi '.’ions  all  of  which 
will  change  the  physiological  and  psychological  significance  of  the  zones 
of  equal  environmental  stress.  Appreciating  the  magnitude  of  the  changes 
in  the  significance  of  the  zones  for  individuals  who  aay  differ  from  the 
Standard  Person,  fieparate  chares  of  significance  were  prepared  for  major 
groups  of  non-standard  individuals.  The  choice  of  groupings  was  based  on 
literature  reports  of  factors  which  had  been  observed  to  alter  the 
normal  responses  to  thermal  stress. 


SKELTER  R.’VIHGNMKNrS 


Eleven  non-standard  situations  were  selected  which  cover  most  of  the 
factors  known  to  alter  responses  to  heat.  A  separate  "significance  of 
aones  chart"  with  interpretation  was  prepared  for  each  of  the  eleven 
non-standard  situations.  Each  of  these  chart*  '"ill  alaj  be  briefly 
analyzed  to  illustrate  its  use  and  to  point  out  the  major  differences 
between  it  and  the  Standard  Person  chart. 

AGE  45-6S  YEARS  (Fig.  14) 

The  major  change,  as  a  function  of  increasing  age,  will  be  a  decrease  in 
the  range  of  adaptability.  This  is  indicated  by  a  blunting  of  the  points 
in  the  comfort  and  discomfort  categories  of  responses.  How  much  of  the 
decreased  adaptability  ia  due  to  changes  in  capacity  to  adapt  and  how 
much  is  due  to  increasing  self-indulgence  and  reluctance  to  put -up  with 
unpleasant  situations  is  not  apparent  from  the  available  data.  In  the 
end.  however,  the  practical  importance  to  shelter  management  stay  not  be 
greatly  different. 

The  onset  of  distress  and  of  failure  will  occur  on  the  average  at  com¬ 
binations  of  environmental  stress  about  one  stress  tone  less  severe  than 
for  the  Standard  Person.  Many  middle  aged  adults  will  be  remarkodly 
resistant  tc  the  environmental  stresses  but  a  much  greater  proportion 
than  in  the  standard  group  will  show  signs  and  symptoms  of  deterioration, 
reduced  performance  and  decrease*?  tolerance  to  heat  stress. 

AGE  65  ASP  OVER  (Fig.  15) 

Older  adults  will  have  lost  a  major  part  of  their  ability  to  adapt  to 
stressful  environments.  This  is  indicated  by  the  extreme  blunting  of 
the  points  in  the  comfort  and  discomfort  categories,  a  shifting  to  the 
left,  blunting  of  the  distress  and  failure  categories  and  a  large  reduc¬ 
tion  in  the  ability  to  perform  work  and  to  tolerate  sever#  conditions. 
Distress  and  failures  will  occur  about  one  and  one-half  environmental 
stress  zones  sooner  than  they  occur  in  the  Standard  Person.  The  same 
relative  relationships  are  tc  be  expected  for  performance  and  tolerance. 

iffjffSmt  (Fig.  16) 

In  many  aspects  the  responses  and  adaptability  of  infants  will  resemble 
those  intermediate  between  the  middle  aged  adults  and  the  elderly.  The 
comfort  end  discomfort  overlap  will  be  rather  sharply  limited  to  zone  .2 
but  the  cooler  conditions  at  the  beginning  of  zone  .1  maybe  too  cool  for 
the  newborn.  Prickly  heat  and  increased  irritability  may  be  prominent  in 
category  .2  particularly  if  the  skin  cannot  be  kept  dry.  Some  breakdown 
of  body  temperature  regulation  can  be  expected  in  zone  .3  in  the  younger 
infer, its  and  in  those  in  whom  the  temperature  regulating  siechanism  has 
not  been  fully  developed.  Because  of  the  slow  maturing  of  temperature 
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nn rPAMTT-  -  A  decreat.*  of  25  per  cent  in  *one  .4*. 5;  50  per  cent  in  xone  .6-. 7  and  75  per 
cent  in  zone  .8  in  tolerance  ihould  be  expected.  The  upper  limits  of  tolerance  except  or 
short  periods  of  less  than  30  minutes  will  occur  at  zone  1.0. 


*>  u 

s  •  3 

8  £* m 

ni 


—  tj  n  o 
C  •  u 

: 


«  =i 


si  s 

**  t  5  w. 
■g° 

Is  oS 

u  -o 
r  «  c  & 
“  *  -S-a 

»  v  « *2 

•  s  *; 

1-5 

— «  <M  V 

>  -  c  <£ 

HS  8  . 

•■*  &  5« 

>>-o  ■©  ’ 

I*  iS 

T3  V  •*»  M 

«»  "S  »  C 

nf  "* 

•s 

■  X  &!g 


I  8* 

n 

O-  „  « 

SJI 

k! 


-a 

s  ®2 

°  &* 

w  O 

fs  s 

as  3 

w*  t 

j=- 

• 

*? c  *  « 

£  J  3 

is--  a 

r^g’ 
8  "2  **• 
.-  s 0 

Jill 

Ills 

S|r-s 

tog  k 

«  •  M  O 

c  «  c  5 

■«  ■  M  l" 


s:8 

M  t|  W 

t»  5  a 

£§& 

•I  M 

*  Si 

js  •* 
'3-_ 
W  —  O 

8  3  » 

si? 


iiJ  132 

8"  •- 

I*  **  C  »•  **  B. 


fc  "  -r 

=ii! 

*S  ~  M  3 

s#°; 

^?s 

■•«  .«*  S 

*SM 


O  •»  K 
3  t» 
k.  o 

eU.2 

■85  s 

*>  ii  s 


■fill 

6  w.  .2 

o  V  U 

r  s-’gf 

i*; 
ip 

>  V  « 

Sc  * 

£  3  % 
S«M 
Sjj.5 

£3g 

Sol 

•  O 
—•  X 

o  C  -n 

-  -  i 

5g; 

.2-5 

*3: 

J5£l 

«  r« 

2  6r' 

C  U  • 

•*•  h 

~11 


S  I 

04  K 

>•*  »*4 

fa  a 


s-i  in; 

<m  Ui  m  *> 

iiii  tfi: 


i  j 

Sjc 


Ia  b  « 

Sis 


ggSS 

te.  tS  »*-  a 


o 


mi 


cures  for  sore  than  Minutes  may  precipitate  crisis  that  would  jeopardise 
aim  life. 
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regulation  in  infanta,  tolerance  time  may  he  sharply  limited  at  the  more 
extreme  environmental  condition*  of  zone  .5  and  beyond.  None  of  the 
usual  criterion  of  performance  is  applicable  to  infants;  consequently, 
the  entire  category  is  left  blank  and  is  not  considered  to  be  pertinent. 

OBESE  (Fig.  17) 

Obesity  will,  even  in  young  adults,  decrease  th©  capacity  to  adjust  to 
•m*irnrsf»enta!  stress.  The  energy  cost  of  carrying  the  added  eeight  as 
f«*  will,  of  course,  increase  the  total  heat  production  at  any  level  of 
work.  Its  effect  will  be  similar  to  increasing  work  rate.  The  thick 
subcutaneous  fat  layer  may  also  serve  as  a  barrier  to  hwnt  exchange 
between  the  underlying  tissue  and  the  akin  surface.  The  obese  young 
adult  can  be  expected  to  react  to  a  heat  stress  much  as  the  middle  aged 
adult  does.  Tolerance  time,  however,  in  extreme  conditions  of  short 
exposure  may  actually  be  rather  better  than  expected  because  the  sub¬ 
cutaneous  fat  will  act  as  a  thermal  Insulator  to  the  gain  of  heat  from 
the  external  environment.  Such  severe  conditions  when  the  fat  would 
help  to  prevent  heat  grin  is  not  likely  to  occur  In  shelter  conditions. 
Obesity  can  be  expected  to  exaggerate  the  deterioration  that  will  occur 
in  increasing  sge  and  in  the  disease  or  disorder  conditions. 

ACCLIMATIZED  POBON  (Fig.  18) 

The  benefits  to  be  obtained  from  being  acclimatized  to  heat  are  dramatic 
for  nil  individuals.  The  upper  limit  of  —jnditians  that  will  he  con¬ 
sidered  comfortable  la  extended  by  at  leavi  half  an  environmental  stress 
zone  and  discomfort  will,  of  course,  appear  later.  The  great  advantages 
will  occur  in  the  distress,  failure,  performance  and  tolerance  categories. 
In  the  Standard  Person,  being  acclisMtized  to  a  hot  environment  will  in 
effect  eliminate  most  of  the  impact  of  the  environment.  The  Standard 
Person  can  be  acclimatized  to  environment  stresses  as  severe  as  those 
encountered  in  zone  .9  to  I  .0.  Peyond  this  point,  acclimatization  as 
usually  defined  probably  cannot  be  fully  achieved. 

LIMITED  WATER  (Fig.  19) 

Lack  of  sufficient  fluid  intake  to  replace  the  water  lost  in  the  urine, 
through  the  skin  and  lungs  and  by  vomiting,  diarrhea  or  bleeding  will 
eventually  lead  to  a  decreased  ability  to  adapt  to  a  hot  environment. 
Under  most  situations,  sweating  will  be  the  major  avenue  of  excessive 
water  loss.  In  some  metabolic  and  dermatological  disorders  the  rate  of 
sweating  may  be  augmented  or  severely  reduced  •  -ea<;*  of  which  may  lead  to 
serious  consequences.  Gastrointestinal  disorders  with  vomiting  or  diar¬ 
rhea  c an  result  in  rather  large  water  losses.  If  a  limited  water  intake 
results  in  a  body  water  deficit  of  more  than  2. 5-3.0  liters,  rapid 
deter iorat ion  will  ensue  in  a  hot  environment.  This  is  depicted  in  the 
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chart  by  the  onset  of  distress  and  failure  in  the  environmental  stress 
rone  .2.  and  rapid  decay  of  performance  and  tolerance  under  conditions 
of  zones  .2*. 5  ami  the  complete  inability  for  useful  work  at  zone  .5  and 
beyond. 

METABOLIC  DISORDERS  (Fig.  20 ) 

Only  those  metabolic  disorders  are  included  here  that  will  Influence  the 
normal  responses  to  a  hot  environment  mainly  by  increasing  body  heat 
production,  by  altering  the  body  temperature  regulating  mechanists  and  by 
altering  peripheral  vascular  control;  hypometabolic  disorders  were  dis¬ 
regarded.  The  net  effect  will  be  to  decrease  the  maximum  environmental 
stress  at  which  thermal  equilibrium  can  be  achieved.  There  ia  little 
evidence  to  suggest  that  the  comfort  and  discomfort  responses  11  be 
significantly  altered.  However,  the  distress  and  failure  categories  will 
appear  at  lower  environmental  stresses  and  performance  and  tolerance  will 
also  be  decreased.  Individuals  with  mild  metabolic  disorders  will  have 
less  deteriorat ion  in  adaptation  than  those  shown  in  the  chart  while 
severe  metabolic  disorders  will  result  in  exaggerated  changes. 

DERMATOLOGICAL  DI90BGPB  (Fig.  21) 

Dermatological  disorders  will  exert  three  effects  on  heat  adaptability 
mainly  through  alterations  in  peripheral  blood  flow,  through  reduction 
in  sweat  production  and  by  being  a  primary  source  of  pain  and  distress. 
Couforli  will  be  experienced  in  tone  .1  and  in  part  of  sane  .2  with  dis¬ 
comfort  appearing  as  the  inverse  of  the  rateof  disappearance  of  comfort. 
Distress  will  occur  at  environmental  eondit  ions  which  are  not  particularly 
severe  but  failure  nay  not  occur  unusually  earl’  except  in  individuals 
with  extensive  sweating  defects  or  alterations  in  peripheral  blood  flow 
or  peripheral  vascular  control.  Again  except  for  the  individuals  with 
rather  extensive  involvements,  deterioration  of  per formance  and  tolerance 
will  noit  present  a  seriously  limiting  problem  through  zone  .3  and  .4. 

CARDIOFlliCMABY  DISORDERS  (Fig.  22) 

Disorders  of  the  cardiopulmonary  system  would  not  be  expected  to  alter, 
to  any  marked  extent,  the  environmental  limits  which  would  be  considered 
comfortable  and  the  onset  of  discomfort.  Besides  the  general  diminution 
in  reserve  capacity  associated  with  cardiopulmonary  disorders,  alterations 
in  peripheral  blood  flow  will  have  a  special  significance  related  to  the 
thermal  exchange  with  the  environment.  Under  conditions  of  a  hot  environ¬ 
ment  similar  to  that  represented  by  zones  .4  to  .5,  inthe  Standard  Person 
peripheral  blood  flow  anu  cardiac  output  will  be  increased  several  times 
over  that  required  in  cool  environments.  If  this  increased  demand  for 
blood  flow  catuwt  be  met,  then  distress  and  failure  to  maintain  thermal 
balance  with  all  its  consequences  will  ensue.  Perforaance  and  tolerance 
will  raptuiy  deteriorate  with  increasing  thermal  loads  and  the  individuals 
will  become  quite  ineffective  as  early  as  zone  .3  or  .4. 


tolerate  conditions  up  to  rone  1,0.  Beyond  zone  1.0  conditions  will  be  tolerated  for  only 
minutes. 
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GASTROINTESTINAL  DISORDERS  (Fit-  23) 

Besides  the  overall  distress  associated  with  gastrointestinal  disorders, 
when  combined  with  a  thermal  load  the  consequences  car  be  quite  devasta¬ 
ting.  The  comfort  rone  and  the  onset  of  discomfort  need  not  necessarily 
be  seriously  altered.  However,  the  dehydration  likely  to  occur  as  a 
result  of  vomiting  and  diarrhea  can  result  in  serious  interference  with 
heat  exchange  and  the  inevitable  increase  in  body  temperature,  with 
distress  and  failure  at  environmental  heat  loads  which  the  Standard 
person  wilt  find  relatively  unstresstul.  Acceptable  level »  of 
ance  and  tolerance  can  be  expected  only  at  the  lower  tones  of  equal 
environmental  stress  (tones  .1  and  .2).  In  addition  to  the  dehydration 
that  may  be  part  of  the  disorders,  circulatory  effects  may  also  be  a 
complicating  factor  particularly  in  the  presence  of  a  thermal  load. 
Under  such  circumstances  the  ability  to  meet  the  insult  of  the  thermal 
load  will  be  drastically  reduced. 

PSYCHOLOGICAL  ABNORMALITIES  (Fig.  24) 

The  alterations  in  responses  that  are  likely  to  be  exhibited  by  this 
group  of  individuals  may  seem  inordinately  dramatic  in  vi«w  of  minor 
changes  in  functions  that  may  be  present.  The  range  of  conditions  to 
which  they  can  adapt  will  be  narrow  so  that  small  changes  in  the  level  of 
stress  will  provoke  abnormally  large  reactions.  Comfort  will  be  mostly 
limited  to  rone  .1  and  conditions  in  rone  .2  will  evoke  both  discomfort 
and  distress  reactions.  On  the  other  hand,  failures  may  not  occur  as 
■  cuti i  1  y  «ou!u  be  exacted  fro«.  the  expressions  of  discomfort  or.d 
distress.  Performance  and  tolerance  will  be  grossly  limited  to  a  large 
extent  because  of  the  characteristics  of  Jhe  group  to  put  up  with  a 
situation  that  is  not  to  their  liking.  For  shelter  management  th>*  may 
he  one  of  the  groups  that  will  cause  the  greatest  problems.  The  reac¬ 
tions  to  any  level  environmental  stress  outside  the  comfort  rone  will  be 
exaggerated. 
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"K2JXMCI  -  Tolerance  will  be  decreased  25  per  cent  in  seme  .3,  5(.  p?r  cent  in  sene  .4  and 
75  per  cent  in  sone  .5.  Toie.-ance  will  be  limited  more  by  psychological  than  physiologi¬ 
cal  reactions. 
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CONCLUSION 

This  report  aro«e  nut  of  a  need  for  n  sysremat  4  r  method  of  predict  trig 
the  probable  effect  of  given  shelter  envl ronment s  upon  the  various 
types  of  people  'vho  might  have  occasion  to  use  thorn.  By  agreement,  it 
was  restricted  to  the  tltermal  aspects.  Even  within  this  limited  scop-  - 
considerable  body  of  information  is  available,  but  such  attempts  as  have 
previously  been  made  to  derive  from  it  a  systematic  prediction  scheme 
have  largely  failed  to  include  the  action  of  certain  important  variables, 
v.«  *v yj  iiuiixif  iue  significance  of  conditions  for  populations  other  than 
5 b»-  ideally  healthy. 

The  predictive  scheme  offered  here  it  in  four  parts:  (a)  a  chart  for 
determining  the  probable  relative  strain  posed  by  any  temperature- 
humidity  combination  upon  a  (specified)  standard  individual  under 
( *pe<- i  f  i ed )  standard  conditions;  (b)  a  tabic  for  adjusting  the  ct  art  to 
other  than  the  standard  values  of  activity  and  air  movement;  (c)  an 
evaluation  of  the  significance  of  each  lone  of  relative  strain  for  a 
(specified)  standard  individual;  and  (d)  evaluations  of  each  zone  of 
relative  strain  for  certain  non-standard  individuals. 

This  scheme  is  by  no  Mans  the  ultimate  in  predict  ive  measures ;  it  repre¬ 
sents  the  best  judgment  of  the  authors  based  on  the  limited  available 
evidence.  As  data  accumulate,  knowledge  is  extended,  and  understanding 
of  physiological  mechanisms  improve,  greater  precision  will  undoubtedly 
be  possible  and  better  schemes  will  be  devised.  They  believe,  however, 
that  the  present  scheme  will  enable  »hn«x  ib!  e  for  shelter 
mnnagrmrnt  to  anticipate  reasonably  well  the  consequences  of  any  given 
set  of  thermal  conditions. 

Certain  items  contained  in  the  original  list  of  factors  to  be  considered 
(contiguity  nutrition,  individual  variability,  and  exacerbation  of  pre¬ 
existing  conJit ions)  have  not  been  reported  upon,  by  reason  of  the 
difficulty  in  acquiring  adequate  Information  in  the  available  time.  Of 
the  six  major  criteria  of  an  adequate  predictive  scheme  listed  early  in 
the  n  jxtt  t  lb-  first  three  are  fairly  well  met.  The  fourth,  adjustment 
of  prediction  to  non-standard  individuals,  has  been  covered  in  summary 
fnshion  It  would  be  very  desirable  to  expand  this  aspect  of  the  scheme, 
to  provide  separate  predictions,  for  example,  for  congestive  cardiac 
failure  anginal  affections,  hypertensive  states,  and  dysrhythmias ;  but 
for  only  one  of  tnese  cardiac  disorders  nre  anything  approaching  adequate 
data  readily  available  Under  the  term  ’metabolic  disorders",  also,  a 
variety  of  quite  different  disturbances  are  lumped  together,  many  of 
which  deserve  separate  treatment.  For  the  sixth  criterion  -  time  effect 
-  we  have  asssroed  an  occ*ipancy  of  more  than  24  hourx  as  character  is*  ic 
of  shelter  use.  For  the  fifth  limits  of  confidence  *  we  simply  do  not 
have  sufficient  data 
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The  extensive  bibliography  should  b*  of  assistance  to  those  who  wish 
ei  ther  to  check  the  evidence  on  which  the  authors  based  their  judpsents, 
or  to  seek  further  for  the  information  thst  is  in  many  instances  so 
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